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Abstract 
The suffocation is an innovative metric that can be used in Satellite City Design. Suffocation is a scalar magnitude which is 
proportional to the volumes of interacting buildings and cross proportional to the the distance between the outer contours of the 
buildings and is inspired from the theory of Gravitation and theory of Potential.  
By summing up the suffocations of each building in the area it is possible to calculate 
building. The total suffocation with relevant decision variables and constraint functions can be used as a design optimization metric 
for suburban or satellite city design processes.  
In this study the effect of the big shopping mall constructions over the total suffocation distribution for given area will be analyzed 
as a real case study for the satellite cities around the metropolitan areas. The change for the construction distribution will be 
retrieved from sim
total suffocation over the area where there are huge shopping malls are computed and the results are discussed 
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1.  INTRODUCTION 
City and urban planning processes have always been a complex multidisciplinary area for contemporary cities. This 
process has been considered either as  science or as art (Voogd) , (van LEEUWEN) ,( TIMMERSMANS). That is why 
the design processes for urban areas are thought as an implicit knowledge skill. On the other hand, if one thinks about 
the design as an engineering or business administration process, it is necessary to have a model to abstract the design, 
and some measuring devices to manage the design. 
To model, analyze and manage the urban models,city and urban planners use different types of metrices. The most 
famous conventional metrics that are used in city and urban planning are basement area/ field area ratio, height of 
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building, distance between buildings, distance between the building and field border, total building floor surface / area 
surface ratio. When analyzing these metrices it can easily be understood that the designer uses them to control either 
the interaction between the  building and the its area or the interaction between the building and its area with 
neighborhood buildings and their areas. These type of restictions for the metrices also creates such constraints that the 
designer can not consider and evaluate the overall effect of a building to all buildings separately or affect of other each 
building to the subject building in the urban area. To be able to model, measure and analyze the interaction between 
the buildings in an urban area, urban suffocation
publications (Kul,2010 a) , (KUL, 2010 b), (Kul,2011 a) , (KUL, 2011 b). This new metric is proportional to the 
volumes of the interacting buildings and inversely proportional to the distance between the interacting buildings.  
 
This study is about the interactions of the giant shopping centers and residential buildings in the city centers. To 
understand this interaction, one of the biggest shopping centers and the buildings around it in Istanbul, Turkey are 
modelled and different types of urban suffocation results are analyzed. 
 
2. THEORETICAL BACKGROUND 
 
The formulae presented here are derived from the reference (KUL, 2011 b). The cities are composed of building 
islands. In this study these islands will be named as regions. In the regions, there are buildings. In the model, there 
may be nonresidential buildings such as bridges, towers and natural objects such as trees, hills. The buildings and 
other objects are kept as an entity linked to the regions.  
 
In each region, the region borders are presented with discrete points on the outer contours. The buildings in the 
area are also presented with discrete points on the outer contours of the buildings. The natural objects are presented 
with a single point in the area. The nonresidential buildings are also presented with single points in previous studies. 
During the analysis, the terrain of the area and the hugeness of the buildings are considered by some modification 
functions merged to the fundamental expressions. 
 
 
Figure 1. The building islands (regions), buildings 
and other objects in the analysis model. 
Figure 2. A region, and the buildings in the region. 
 
 
The distance between two buildings is the smallest distance between the contour lines of the buildings. Despite the 
assumptions of the previous studies implying that the nonresidential buildings can be represented as a single point, it 
has been understood that huge shopping centers in the neighborhood of the residential buildings are creating enormous  
amount of urban suffocation. Thus the assumption of modeling nonresidential building with single point is obsolete 
for this study. 
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The calculation for the distance can be performed with basic Euclidian equations. During the analyses, it has been 
aimed to show the effect of choice in the definition of distance. Thus, conventional distance definition which uses the 
center of mass was also calculated and used. But in this subject study, only the distance for outer contours is 
considered for simplicity. 
 
In the equations (1), (2) and (3); m and n are  the region numbers of the objects interacting. The indices i and j are 
the building numbers in the given regions m and n. The last indices k and l are the discrete point numbers on the outer 
contours of the buildings. The parameter that appears in the divider as CN is the number of corner (discrete) points for 
subject building. The minimum distance between the contour lines of the buildings is shown as d. On the other hand, 
the distance between the centers of the buildings are shown as dm.  
 
  
Figure 3. A building in a region is presented with 
discrete points located on the outer contour of the 
building. 
Figure 4. The distance between two buildings. 
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2.1 Urban Suffocation  
 
The concept of suffocation is a virtual magnitude. It describes the effect of an object on an existing building which 
is used by people and is symbolized with B B
building is located in the region m, the sequence number of the building in the subject region is i. The effecting object 
is also defined with this type of indices. In the Formula V is the volume of the buildings / objects and d is the distance 
between them.  The modification function K includes the effect of perspective positions and azimuth angle between 
the so-called center of masses between the buildings 
tim
jn
jnim
s
im
jn
d
VVKB
,
,
),(),(),(
),(
; 
 
1,0s  ; 21 t  
 
 
(5) 
 decides whether the effect is on a unit volume (such as gravity) or effect on all the volume 
 also describes the importance of distance.  
 
On the other hand, to prevent the theory from the singularities, it is accepted that the suffocation created by an 
object to itself is assumed to be zero. 
0),( ),(
im
imB  (6) 
2.2 Suffocation Types 
 
orce nor a 
potential. That is why the parameters s and t in the fundamental equation given in equation (5) still need to be 
justified. For keeping these definitions easier the suffocation types are introduced [6]. These suffocation types are 
shown in Table 1 below: 
 
Table 1. Suffocation definitions regarding to parameters  
               (a)  with definition by discrete points,  
               (b)  with definition by center of mass points 
Divident\Divider r(m,i,n,j) (t=1) 
r(m,i,n,j)2 
(t=2)  Divident\Divider 
r(m,i,n,j) 
(t=1) 
r(m,i,n,j)2 
(t=2) 
V(n,j) 
(s=0) B1AK B1BK  
V(n,j) 
(s=0) B1AC B1BC 
V(m,i)*V(n,j) 
(s=1) B2AK B2BK  
V(m,i)*V(n,j) 
(s=1) B2AC B2BC 
 (a)    (b)  
 
2.3 Total Suffocation 
 
The total suffocation is the summation of the suffocations created by the entities (buildings and natural objects) to 
a subject building. Total suffocation expression is given in equation (18). 
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2.4 The Optimization Problem  
 
optimization problem with logical constraints and decision variables which are easy to use must be defined.  Below, an 
(KUL, 2010 a). 
 
The objective function of the problem expresses that the average value of total suffocation in design/analysis 
regions must be kept as small as possible. 
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(19) 
The constraints for the optimization problem are easy to predict. Total suffocation for a building must not exceed a 
predefined critical value as shown in equation (22). A building that belongs to a region must completely be inside the 
subject region. That constraint is given in equation (23). A building in a region must never intersect with another 
building in the same region. This constraint is also shown in equation (24). The last constraint given in equation (25) 
expresses that there must be a lower limit for distances between the buildings. 
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The decision variables for the optimization problem must permit the designer / analyzer to control the location and 
position of the buildings. Thus, for each building in the problem set, three decision variables are defined. The first of 
two of them xgc m,i and ygc m,i are the position of the center of mass for the building regarding to a reference point. These 
coordinate values are also inversely calculated with equation (3). The distance between the center of mass and discrete 
point is given by rrm,i,k. The angle between the discrete point and horizontal axis at the beginning is shown as m,i,k . As 
a decision parameter, rotation of the building is also considered and represented as  m,i). By using these three decision 
variables (xgc m,i , ygc m,,  m,i) all buildings in the system can be relocated and suffocation distribution can be aligned. 
 
xm,i,k=xgcm,i+rrm,i,k m,i,k m,i) (24) 
 
ym,i,k=ygcm,i+rrm,i,k m,i,k m,i) (25) 
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Figure 8. The expression of the decision variables (xgc m,i , ygc m,,  m,i) for a building 
 
2.5 Facilitating Assumptions 
 
For simplicity, it is possible to apply the assumptions given below: 
 
1. The suffocation effect can be neglected if the distance is greater than a critical value. This critical value can 
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2. The buildings have rectangular prism shape with zero level of detail. 
 
3. The center of mass coordinates of a building is the average of the discrete points in horizontal plane (x,y) as 
given in equation (3) and the summation of the half of the building height (h/2 ) and base floor height in 
vertical. 
 
4. It is possible to normalize the total suffocation values by a formula given in equation (29) to understand the 
most problematic areas in analysis domain. By normalization decision variable distribution in the domain is 
kept between 0 and 1. 
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3. APPLICATIONS 
 
Due to the shortage of land and population concentration in the metropolitan areas, gigantic shopping centers are 
constructed inside the city centers. During the design process, despite the consideration of the interaction with first 
neighborhood accommodative buildings, high demands during the weekend period still cause problems to both visitors 
and neighborhood residents. As an analysis and application model, one of the biggest shopping centers in Turkey has 
been analyzed regarding the suffocation it has created. 
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The shopping center is located on the west side of Istanbul, on a very popular highway. The coordinate values are 
ossible to see the structuring development in this area by using 
Google Earth Historical View Tool. The shopping center has  270 meters in length, 110 meters in width, and 30 
meters in height approximately. 
 
The historical structuring development of the area for the last decade is shown in Figure 11. In the area analyzed, there 
has been a quick structuring in the last decade. Especially, the subject shopping center has been allocated to the 
apartments as near as possible. 
  
(a) 2002 view (b) 2012 view 
Figure 11. The structuring development between 2002 and 2012 for subject area. 
 
To model the case, three different scenarios are created and analyzed. For each case fundamental building models are 
constructed. The fundamental building model hierarchy is given below: 
 
 In the area a standard type of apartment building is assumed. This apartment has 15 meters in width, 24 meters in 
length and 12 meters in height. Its volume is 360 cubic meter. This model is shown in Figure 12. By keeping 10 
apartment buildings together it has been assumed that there will be one site which is drawn in Figure 13 a. By keeping 
8 sites together it has been assumed that there will be one region. Site design is shown in Figure 13 b. 
 
During the study three different scenarios are analyzed for urban suffocation: 
Scenario 1: 
There are 3 regions. In each region there are 8 sites. Each site has 10 blocks. As a result, there are 240 apartment 
buildings that are homogenously distributed in the analysis area. The dimension of the subject surface is 500 meters * 
300 meters. The allocation of the buildings is shown in Figure 14. 
Scenario 2: 
There is one difference from Scenario 1. The region in the middle does not have any buildings. On the left side and 
right side there are 160 buildings. The allocation of the buildings is shown in Figure 15. 
Scenario 3:  
Instead of 80 buildings in the middle region, a huge shopping center is allocated. There are 161 buildings to be 
analyzed. The allocation of the buildings is shown in Figure 16. 
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Figure 12. Technical drawing for an apartment building 
 
 
                                     
 
 
( a ) A site                            ( b ) A Region  
Figure 13. The location of the buildings in a site, and 
in a region. 
Figure 14.Scenario 01, there are 3 regions, total 240 
apartment buildings 
 
 
 
Figure 15. Scenario 02, there are 2 regions, total 160 
apartment buildings 
Figure 16. Scenario 03, there are three regions; in 2 
regions there are 160 apartment buildings, at Region II, 
there is one huge shopping center. 
 
4.  COMPUTATIONAL ANALYSIS RESULTS 
 
After the model construction and computational analysis for different scenarios, the total suffocation values for created 
buildings are listed. To keep the comparison between the scenarios more meaningful, only the first 160 buildings 
which exist in all scenarios in Region I and Region III are considered.  The maximum values for different types of 
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total suffocation are listed in Table 2. The ratio values for different types of total suffocations regarding minimum
value are also listed in Table 3.
As it can be easily understood, in the scenario with shopping center (scenario 3) the existence of the shopping center
creates enormous amount of suffocation in the regions. Thus, during the design process, if shopping centers will be 
allocated in the residential regions, new metrics such as urban suffocation must be considered.
Table 2. The maximum values of Total Suffocation for Scenarios
Scenario Description Building No TB1a TB2a TB1b TB2b
1 240 apartments 38 924.922 56.932 171,28 10,54
2 160 apartments 27 722.299 55.211 133,76 10,22
3 160 apts & SC 38 4.721.489 383.472 874,35 71,01
Table 3. The Maxiumum Value Ratio of Total Suffocation for Scenarios
Scenario Description Building No TB1a TB2a TB1b TB2b
1 240 apartments 38 1,28 1,03 1,28 1,03
2 160 apartments 27 1,00 1,00 1,00 1,00
3 160 apts & SC 38 6,54 6,95 6,54 6,95
In Figure 17 and Figure 18, the maximum values of the total suffocation for the first common 160 buildings are
compared. As it can be seen easily, the maximum total suffocation with shopping center in Scenario 3 is always higher 
than other scenarios for all types of suffocations.
Figure 17. The maximum values for different scenarios
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Figure 18. The maximum values of different scenarios
for different urban suffocations.
Figure 19. The Total Suffocation values Ratio for 
Scenario 03 / Scenario 02 with TB1a and TB2a
distributions.
To understand  the ratio between scenarios for all buildings analyzed, the total suffocation ratio values for Scenario 2
and Scenario 3 are sorted from biggest to smallest. This ordered distribution is presented in Figure 19. This figure also
shows that Scenario 3 creates almost 16 times more than the other scenario, for some buildings in the regions.
5. CONCLUSIONS
The developments in Computer Science and Business Administration triggers and forces the changes in all other 
disciplines of Science. City and Urban Planning also needs some change and innovation. This change will require the
designers to use new types of metrices.
From the point of change management in Management Information Systems, there are four types of change:
Automation, rationalization, reengineering, and paradigm shift. By considering the definitions of these change type,
using suffocation in urban design can be considered as reengineering or rationalization. This issue must be discussed
in the future studies. But, it is certain that, urban suffocation is a new metric that can be used to understand the
interaction between the buildings in urban area. 
The numerical results obtained during the analysis also shows that such gigantic shopping centers may dramatically
create pressure over the neighborhood buildings. Thus, the total suffocation distribution for all types of buildings
either residential or nonresidential needs considered.
The total suffocation can also be used for population concentration, heat island, traffic jam interaction modelling and
analysis in the future studies.
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